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prqtsvu ^5m	w-x p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b,giz{z sWq m	|{^ q ^$} Z ^ q } Z ^~W{`i`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 sWq _·gi~}^
»n8^5~ Z gi~}  ~{z qts }^$ete siq hkm ¹¼½¹¸ gvm ¹s ~]¾¿À^  ~i^Geom  Agmf^  etefh{^$e  ~ si¼   ~lm Z ^
»D^ Z g ¹siq
s ]m Z ^Á_^5_ sWq n Z{ ^ q g q } Z nµ  m Z °²± ¾{Â ½q eomGÃµ^Äe Zs µÅm Z gvm  i~ sWqf ~{
Æ/9}$gi} Z ^} s ~Wmt^5~Am ¹s ~ ¼ ^Ggi|{e
m s e´m qts ~{ ¼ n s i^ q´º ^$e´m  _·gmf^[m Z ^	zD^ q  siq _·gv~}5^ s ~^Á}5gi~·^jkzD^$}Çm[gv~|l_gn ¼ ^$gi|·m s ~} siqtq ^G}Çm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m s g qt¹s he_^$_ sWq n Z{ ^ q g q } Z nzg q gv_^mt^ q e5¾S¿È^4e Z{s µÊm Z gmm Z ^
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m º h{zgi}$} sWq |  ~{	m s m Z ^[}$gi} Z ^e ½¸ ^iÃm Z gmm Z ^Ær`}5gW} Z ^$e
Z gi^
m s »D^lgiete s }  gvm  i^gv~|Ìef_g ¼½¼ » ¼½s }&Íke Z gW^m s »^·he´^G|Î¾ Y[Z ^$~]ÃÏm Z ^ Z g q |kµ[g q ^} s ~eom q g  ~Amte
zhkm s ~4m Z ^9|{^$e  W~ s (_^5_ siq n Z{ ^ q g q } Z{ ^$e[e Zs h ¼ | ¼¹ _  mm Z ^  ~Amf^ q ^Geom s  °²± m s g«^5µÐm Z{q ^$gW|{e5¾
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3	s he¶^jkz ¼¹siqts ~e(^$~e´h  mt^ ¼ -  _zgW}Çm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^5~<h q ^|=- h{~^ Z{ d^ q g q } Z{ ^_d^ º
_ sW½q ^|k^5 q g  ^5~Am ¼¹ _  mf^ q,¼ -  ~Am{d^ q 8^5m[|{h 
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mfh q ^^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^$etef^$e ¯ sWq m Z{q ^$gW|{e ³ ¾ Y/s | s e s Ãrm Z ^8g q } Z{ mf^$}mfh q ^ q ^ ¼½ ^$e s ~
q ^5z ¼½ }5gvmf^$|} s ~Amf^5jAm,efh{z{z siq mte ¯ Â  Wh q ^·` ³ ¾-x} s ~Wmt^jm	efh{z{z siq m  e  _z ¼ ^5_^5~Amf^G|i^$~{^ q g ¼¹¼ nLµ  m Z g
z qf gmf^ q ^5  e´mf^ q »gi~{ÍËÃÏg p wÁÃ]eom&gmthe q ^$  eomt^ q eÁgi~|^$i^$~Wmthg ¼¹¼ ngi~  ~e´m q h}Çm ½s ~µ  ~| s µ¾ Y[Z he5Ã
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h qfq ^5~Amz qtsvº
 q gi_·e»nlg ¼½¼¹s µ  ~zg q g ¼½¼ ^ ¼ ^5j^G}hkm ½s ~ s   ~e´m q h}Çm ½s ~e- qfs _ | 54 ^ q ^$~Am-m Z{q ^$gi|e ä¾ °²± e Z{s h ¼ |
g ¼ e s g ¼½¼¹s µKm sLZ |k^m Z ^ ¼ gvmf^$~}n s  ¼¹s ~ s zD^ q gm ½s ~e5ÃËefh} Z gie  ~eom q h}m ¹s ~ sWq |{gvmtgl}$gi} Z ^_  ete´^Ge5Ã
_h ¼ m  z ¼½ }5gvm ¹s ~e siq |    e ½s ~e$¾Á¿ Z ^$~Àglm Z{q ^$gW|  ee´mtg ¼¹¼ ^$|ÎÃDm Z ^«^5mt} Z gi~|  efefh{^
»gv~|kµ  |km Z e}5gi~
»D^hkm ½¼¹½¸ ^$|S»n·m Z ^ s m Z ^ q m Zq ^Ggi|{e$¾ Y h ¼¹¼ e´^$~S^5m	g ¼ ¾ `WÃ Z gW^e Z{s µ~4m Z gvm	gv~ °²± g q } Z mt^$}Çmth q ^
efh{z{z siq m  ~{m Z{q ^$gW|{e¶} s h ¼ |·gi} Z{ ^5W^,h{zm s  s h q m  _^$e¶m Z ^  ~eom q h}m ¹s ~m Z{qfs h{ Z z{hkm s ]g9} s ~AW^5~ º
m ½s ~g ¼ ©Ç  §¬&©&¤¡¹¤¬ g q } Z{ mf^$}mfh q ^µ  m Z m Z ^9etgv_^  ete´h^»gv~|kµ  |m Z ¾
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Â  ih q ^`"!(^5jkgi_z ¼ ^ s (ge  _h ¼ m&gv~{^ s he ¼ nl_h ¼ m  m Zq ^Ggi|k^G|4g q } Z{ mf^G}Çmth q ^
#	s µ^$i^ q ÃDm Z ^·e  _h ¼ mtgv~^ s heÁ^5jk^$}h{m ¹s ~ s -ef^5W^ q g ¼ m Z{q ^$gW|{ez{hkmteg ¼¹s m s -e´m q ^$ete s ~m Z ^_^ º
_ sWq n Z{ ^ q g q } Z nW¾ Y[Z ^Á»gv~|{µ  |m Zls 4 ^ q ^$|»nm Z ^e´^G} s ~| ºä¼ ^$i^ ¼ }5gi} Z ^iÃi^  m Z ^ q-s ~ º } Z{ z siq¶s 4Dº } Z{ z]Ã
}$gv~8»D^  ~efh%$l}  ^5~Am	m s g ¼¹¼½s µKm Z ^zg q g ¼½¼ ^ ¼ ^jk^$}5hkm ¹s ~ s _ sWq ^9m Z gi~g«^5µ3m Z{q ^$gi|e5¾ y _h ¼ gvm ¹s ~e
} s ~|{h}Çmt^$|  ~& `WÃDµ-^ q ^,»gWe´^G| s ~m Z ^ ykp(' w-W»D^5~} Z _·g q Í
efh  mf^iÃµ Z{ } Z· e¶~ s µÅµ  |k^ ¼ nÍ~ s µ~
gWe[»^  ~
~ s ~ q ^$z q ^$ef^5~Amtgvm  i^ s (} s __ s ~ §5·¨¬)	* Ë¬f§Ç©&©Ç k¬f§  ä¾
 ~Àm Z{ eÄzgiz^ q ÃÎµ-^^5jkz ¼½sWq ^m Z ^  ~Am qt ~e  } ¼¹ _  mtgvm ¹s ~e s ¶m Z ^
_^$_ sWq n Z ^ q g q } Z n  ~Ìgv~ °²±
^$~ ¹qts ~{_^5~AmG¾*+Áh q eomth|kn s }hef^$e-, q eom s ~m Z ^
e´m q ^$ete,zhkm s ~8m Z ^
ef^$} s ~| ºä¼ ^5i^ ¼ }$gi} Z ^W¾	¿È^., q eom
e Z{s µ+m Z gvm,~{^5 ¼ ^G}Çm  ~{m s e  _h ¼ gmt^Äm Z ^9} s ~Amf^$~Am ¹s ~ s ~Sm Z ^9e´^G} s ~| ºß¼ ^5W^ ¼ }$gi} Z ^} s ~|kh}mte[m s i^ q n
_  e ¼ ^$gW|  ~{ q ^Ge´h ¼ mte$¾ Y[Z{ e  eg ¼¹q ^Ggi|kn·m q h^Á sWq e  ~{ ¼ ^5m Z{q ^$gW|k^$|Sg q } Z{ mf^G}Çmfh q ^Ge5Ã Z{s µ-^5W^ q m Z{ e  e-Ng q
_ sWq ^} qt m  }5g ¼ µ Z ^5~4m Z ^~h{_»^ q,s /m Z{q ^$gW|{e  ~} q ^$gief^$e$¾
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Y[Z ^5~9µ-^¶^5jkgi_  ~{^¶m Z ^  ~ 6h{^$~}^ s | 54 ^ q ^5~Am/_^5_ sWq n Z{ ^ q g q } Z n	zg q gi_
^5mf^ q e s ~m Z ^zD^ q  siq _·gv~}5^
m Z gmÄgv~ °²± _  } qts z qfs }^Gefe siq }$gv~;gW} Z{ ^$i^W¾,¿À^e Z{s µKm Z gvm	m Z ^~h{_»^ qÁs m Z{q ^$gW|{e	efh{z{z siq mf^G|
»nm Z ^ Z g q |kµ[g q ^_heom»^S}5g q ^«h ¼½¼ nÀ} Z{s e´^$~ gi}5} siq |  ~{Sm s m Z ^L}5gW} Z ^le ½¸ ^"!9 sWq9 ~eom&gv~}5^lµ Z ^$~
he  ~{A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z ¼ ^$_
^$~Am  ~{_ siq ^·m Z gv~É;m Z{q ^$gW|{e9µ ¹¼½¼ »D^S} s h{~Amf^ q z qts |kh}Çm  W^i¾
¿È^·g ¼ e s ^$e´mtgi» ¼½ e Z m Z gm s ~ °²± z qts }^$ete siq e5Ãm Z ^ , q e´m ºä¼ ^$i^ ¼ }5gW} Z ^$e Z gW^9m s »D^·e´^5m º giete s }  gm  W^
gi~| ,~g ¼¹¼ nlm Z gm[m Z ^» ¼½s }&Í º e ¹¸ ^ Z gie-m s »^9ef_·g ¼¹¼ ¯ monz  }5g ¼½¼ n;` 
sWq A»AnAmt^$e- siq gS` º »AnAmt^»he ³ ¾
Y[Z ^ q ^5_·g  ~|k^ q¶s Îm Z{ ezgvzD^ q- e siq Wgi~ ½¸ ^$|·gWer sW¼½¼¹s µ,e5¾ y ^G}Çm ¹s ~Sz q ^$ef^5~Amte¶m Z ^	^jkzD^ qt _^$~Wm&g ¼
 q gv_^$µ sWq ÍË¾  m|k^5mtg ¹¼ e,m Z ^
e  _h ¼ gmt^$|;g q } Z{ mf^G}Çmth q ^gv~|^$efz^G}  g ¼¹¼ nSm Z ^_^5_ sWq n Z{ ^ q g q } Z n4gv~|
m Z ^Äµ sWq Í ¼¹s gW|{e¶he´^G|Î¾ y ^$}m ¹s ~  ~Am qts |kh}5^$e-m Z ^_^5m Z{s | sW¼½s ini¾  ~ y ^G}Çm ¹s ~SÃkµ-^Äz q ^$ef^5~Am q ^$efh ¼ mte
s  s h q e  _h ¼ gvm ¹s ~e$¾ y ^$}m ¹s ~;
e´h{__·g qt¹¸ ^$e-m Z ^9e´mfh|knW¾
 245#768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Y/s } s ~|kh}Çm
m Z ee´mfh|knWÃ¶µ-^ q ^ ¼¹ ^$| s ~Ém q gi}5^ º | qt W^5~Ée  _h ¼ gvm ¹s ~e$¾ Y[Z{ e Z giem Z ^SgW|kgv~Amtgii^ s 
z qfs   |  ~ q ^5z qfs |kh}  » ¼ ^ q ^$efh ¼ mte$¾KxÁe s h q µ sWq ÍÉ s }5hef^$e s ~}5gi} Z ^ ºäsiq Wgv~ ½¸ gm ¹s ~»^ Z g ½sWq Ã-µ^
m Z ^ q ^ sWq ^ , q eom,z q ^Ge´^$~Wm[m Z ^9e  _h ¼ gvmf^$|4_^5_ siq n Z{ ^ q g q } Z ni¾
  "!$#&%'!$)(+*",.-!/*0 *210-3,
Y[Z ^Á|k^Ge  i~ s Ï_^5_ siq n Z{ ^ q g q } Z ^Ge siq _  } qfs z qts }5^$ete sWq e Z gie»^$^5~L^5jmf^5~e  i^ ¼ neomth|  ^$|   ÃkkÃ 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}$gi} Z ^ ¯ gv~|Lg ¼ e s ~Ngi}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^ s Ägi~
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} s ~Amf^5~Am ½s ~ s ~ m Z ^L_^5_ sWq n ¯ sWq g8m Z{¹q | ºä¼ ^5i^ ¼ }$gi} Z ^ ³  eNg q¼ ^Gefe
} qt m  }5g ¼
¯ µ Z{ } ZZ{s µ-^5W^ q _·gn8~ s mÁ»D^m Z ^}5gief^9 sWq m Z ^>+ ' w[k`i`  ·µ Z{ } ZZ gieg4ef_·g ¼¹¼   
3Æ/L}5gi} Z ^
9;: / 9=<
  ¨v¦¢¥§¦¢HN¨v¦·¨v¦i¦D­/§§5¡   ¤tª§[°¤
	(
¢]¢«ª{§Á§5¢ß§5¦D§©&©[¨¶
 k¡£¢¥¤¦Ë§t¨v ©°8 k¡£¢H¢«ª¬t§t¤W­¦® 
½`i`  ³ ¾	¿È^»{h ¹¼ mgL} s ~%,ih q gv» ¼ ^9e  _h ¼ gvm sWq  siq gl} ¼ giete  }$g ¼ moµ svºä¼ ^$i^ ¼ _^5_ siq n Z{ ^ q g q } Z n ¯ Â  Wh q ^
 ³ Ã{gWe|k^$et} qt »D^$|  ~   ä¾
CPU
INSTRUCTION CACHE DATA CACHE
WRITE BUFFERS
WRITE BUFFERS
UNIFIED L2 CACHE
MAIN MEMORY
Â  ih q ^9%! Y µ svº Æ]^$i^ ¼ _^$_ sWq n Z ^ q g q } Z n
¿È^
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m q g $l} s ~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he´^G| sWq h{zË|{gm  ~ m Z ^;}$gi} Z ^Gelgmt^ q gÌ_  efe$¾ Y[Z ^;e´^ q   }  ~{ s Ær`8_  etef^$e·»nÉm Z ^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Y[Z eeomth|knÀ s }5hef^$e s ~Ìm Z ^L_
^$_ siq nÀefne´mf^$_ »D^ Z g ¹siq ¾ YÏs _^Ggiefh q ^ s ~ ¼ n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m  _^ s -g ¼¹¼ m Z ^m Z{q ^$gi|e  em Z ^5~ eomth}&Í8m s m Z ^·e ¼¹s µ-^$e´m
m Z{q ^$gi|]¾
Y/s g sW |Ìefh} Z g8}5gvmtgie´m qts z Z{ }»D^ Z g ¹siq Ã]m Z ^  efefh{^lz qf¹siqt mon  e|k^mt^ q _  ~{^G|Ì»Anm Z ^L~Ah_»D^ qs 
 ~e´m q h}Çm ½s ~ez q ^$ef^5~Am  ~Sm Z ^e´mtgvm  }eom&gvW^$e s /m Z ^9z  z^ ¼½ ~{^ ¯  ¾ ^i¾-µ[g  m  ~{
 siq ^5j^G}hkm ½s ~ ³  ä¾ Y[Z ^
¼¹s µ-^ q m Z{ e[~h{_»D^ q ÃAm Z ^ Z{  Z ^ q m Z ^Äz qt½sWqf moni¾  ~Amfh  m  i^ ¼ nWÃ{g ¼¹s µ~h{_»^ q-s   ~eom q h}Çm ¹s ~e[z q ^Ge´^$~Am
 sWq gm Z{q ^$gW|L  W^$eg
 ss | s z{z siq mfh{~  mon s /^jk^G}hkm  ~{lefh{»ef^&/Ah{^$~Am-«^5mt} Z ^G|  ~e´m q h}m ¹s ~e$¾
Y[Z ^  ~eom q h}Çm ¹s ~eÁg q ^«^mt} Z ^$| qts _'m Z ^
}$gi} Z ^
gv~|8ÍW^5zkm  ~Am sL ~eom q h}Çm ¹s ~»{h 4 ^ q e5¾ ' gW} Z »{h 4 ^ q
Z giegÀ}$gvzgW}  mon s 	moµ s }5gi} Z ^L» ¼¹s }&Íe$¾  ~ ^5W^ q nÌ}5nk} ¼ ^iÃ¶hzm s   ~eom q h}m ¹s ~eg q ^ q ^Ggi|  ~²m Z ^
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Â  Wh q ^Ä !e  _h ¼ gmt^$|Sg q } Z{ mf^$}mfh q ^
 ~e´m q h}Çm ½s ~L»{h 4 ^ q e ¯ Â  ih q ^Ä ³ ¾Â si¼¹¼½s µ  ~{m Z ^Ä}5g ¼ }5h ¼ gvmf^G|lz qt½sWqf m  ^$e$Ã s ~{^-, q ^$gv» ¼ ^  ~eom q h}m ¹s ~  e
ef^ ¼ ^$}mf^G|l sWq ^Ggi} Z gi}Çm  W^m Z{q ^$gW|Î¾  g ¼¹¼ m Z ^  ete´h{^e ¼½s mte[g q ^~ s m , ¼¹¼ ^G|gv~|Lm Z ^ q ^Äg q ^  ~e´m q h}m ¹s ~e
¼ ^m  ~Èm Z ^»{h 4 ^ q e$Ã]~{^5µe´^ ¼ ^G}Çm ½s ~eÄg q ^
}$g qtqf ^$| s hkmG¾ Y[Z he$Ã   s ~ ¼ n s ~{^m Z{q ^$gW|  egg ¹¼ gi» ¼ ^WÃ  m
e Z{s h ¼ |»D^gi» ¼ ^m s , ¼½¼ g ¼¹¼ e ¼½s mte  ~8m Z ^^5jk^$}h{m ¹s ~8z  z^ ¼½ ~{^ ¯  ¾ ^W¾-  ~eom q h}Çm ¹s ~e,_·gn4»D^ef^ ¼ ^$}mf^G|
 qts _ m Z ^·efgi_^m Z{q ^Ggi| ³ ¾9¿ Z ^$~m Z ^~Ah_»D^ qs   ~e´m q h}m ¹s ~e q ^5_·g  ~  ~{  ~ÌgL»{h 4 ^ q eef_g ¼½¼ ^ q
m Z gv~Ìm Z ^L» ¼½s }&Íke ¹¸ ^WÃg;z q ^5«^m&} Z }5gi~ »^4_gW|k^i¾;Â  ih q ^l ¹¼¹¼ he´m q gmt^$eÄm Z ^  ~e´m q h}Çm ½s ~Ée´^ ¼ ^G}Çm ½s ~
_^G} Z gv~  ef_SÃ[ sWq  s h q m Z{q ^$gi|eLgv~|g  º |k^$ q ^5^  ~eom q h}Çm ¹s ~+z  zD^ ¼¹ ~{^i¾ y h} Z gz s µ-^ q «h ¼ ¯ »{hkm
} s _z ¼ ^j ³ «^m&} Z _^$} Z gi~  ef_ e Z{s h ¼ |È~ s m»D^·h{~ q ^$g ¼¹ eom  }i¾ +	m Z ^ q e´mfh|  ^Ge5Ã(e´h} Z gWe  ~  `  ßÃ Z gW^
z qfs W^5~lm Z gm	} s _z ¼ ^j  ~e´m q h}Çm ½s ~L«^5mt} Z _^$} Z gi~  e´_·eg q ^«^$gWe  » ¼ ^i¾
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STATIC PIPELINE : degree 8
Â  Wh q ^Ä !  ~e´m q h}Çm ½s ~8e´^ ¼ ^G}Çm ¹s ~
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m&giefÍke5Ãe´h} Z gWeÄm Z ^
ef^ ¼ ^$}m ¹s ~ s Dm Z ^  ~e´m q h}m ¹s ~e( qts _Êm Z ^»h 4 ^ q e siq m Z ^,gi}$}^$etem s m Z ^ q ^5  e´mf^ q »gv~{Íke$¾ Y/s mtgiÍi^[m Z e
Z  Z ^ q } s _
z ¼ ^5j  mon  ~Am s gi}$} s h{~Am$ÃËµ^
giete´h_
^G|;g vº e´mtgii^e´mtgvm  }9z  zD^ ¼¹ ~{^WÃ ½¼¹¼ heom q gvmf^G|  ~ÀÂ  Wh q ^
{¾
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from thread buffers from instruction windows
from memory
FETCH_M FETCH_B
Â  ih q ^9%!re´mtgvm  }  ~e´m q h}m ¹s ~z  z^ ¼½ ~{^
   (+*(  #
y{p ' w »^$~} Z _·g q Íke ½` Z gi^S»^$^5~Åµ  |k^ ¼ nÉhef^$| siq _  } qfs z qts }5^$ete sWq e  _h ¼ gm ¹s ~e5¾ #,s µ-^5W^ q Ã
|  4 ^ q ^5~Am·eomth|  ^$e Z gi^4e Z{s µ~m Z gvmm Z{ e»D^5~} Z _·g q ÍÌef^m^j Z{ »  mte
i^ q n ¼¹s µ }5gW} Z ^L_  efe q gmf^Ge5Ã
gi~|Èe sS eÄz ssiqt¼ n;efh  mf^G|; sWq }5gi} Z ^
e  _h ¼ gm ¹s ~Ï¾Æ  _  m  ~m Z ^·e´mfh|kn;m s hef^ qfºß¼ ^5W^ ¼ ~e´m q h}m ¹s ~e
he´hg ¼½¼ n ¼ ^Ggi|{e9m s i^ q n s zkm  _  eom  } q ^$efh ¼ m&e5¾ Y[Z ^   y ¯  ~e´m q h}Çm ½s ~ -^5~} Z _g q Í y h  mf^ ³  e_ siq ^
q ^5z q ^Ge´^$~Wm&gm  W^ s  q ^Gg ¼ µ siq Í ¼½s gi|·m Z gv~m Z ^ y{p ' w s ~^  {Ã
äÃDgi~| s 4 ^ q e sAs |S»g ¼ gi~}^»D^moµ-^5^$~
 ~e´m q h}Çm ½s ~Ègi~|È|{gm&g4_  efef^$e ¯ gie ¹¼½¼ he´m q gmt^$|«h q m Z ^ q ~ ,ih q ^ ³ ¾ Y[Z ^   y egSef^m s ¶m q gW}^$e
 ~} ¼ h|  ~{·he´^ q´ºä¼ ^$i^ ¼ gv~|SÍi^ q ~^ ¼½ºß¼ ^5W^ ¼ } s |k^Ge5¾ Y[Z ^^   Z mm q gi}5^$e-m Z gm,µ-^hef^$|4 qfs _ m Z ^   y g q ^
¹¼¹¼ he´m q gmt^$|  ~Sm&gv» ¼ ^·`i¾
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
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ëßè´ì&ø þÇýoý ê  è& :'$)(Sýoúûôõøõèoë	
éßðè¥ê îø êßôõûGëßú5ý´èoéHé	5éHù$éHêHè* ûièoë ¹úÇë,ì&öýoè/óvèoöý  ,ì&ë+ ½ëßúÌê  èñ,-(
ñ/.'0Ðóvèoöý  ,ì&ë+	éHîô êHè 
íè´ëHôõøõúÇþ íèoëßôõøõúÇþçÅéHô-îø£ìtêHôõöþê  è4øõúÇþÇôõýLðèoéßôõþÇö ú Äì&ö è¥ïGûvèoëßôèoöêäì&ø
ûëHú$ýoèoéßéHúÇë	
íGôõðèoú ûø£ìoù ì1ú$ðGô üèoð2ûvèoþ ûø£ìoùûëßúÇþÇëßì ðôõéßûGø£ì´ù$ôõöþ43565¹ëßìèoé ½ëßúÉì&ö
îöGý´úûGëßèoéßéHè´ð	íGôõðGè´úüøõè 
Y gv» ¼ ^`"!   y µ siq Í ¼¹s gW|{ehe´^G|  ~Sm Z ^9e  _h ¼ gm ½s ~
x ¼½¼ m Z ^»^$~} Z _·g q Íke]µ-^ q ^¶} s _z ½¼ ^$|Äµ  m Z m Z ^  ¼ m qt j5  p-y wÈk¾¹`¶} s _
z ½¼ ^ q he  ~{ º +Ä s zkm  _  º
¸ gm ½s ~e5ÃAµ  m Z  ¼ m qt jlW^ q e ¹s ~L¾½`	 qfs _+    mtg ¼ ' /Ah  z{_^5~Am,w sWq z siq gm ½s ~]¾  ~S q gvz Z e ¹¼¹¼ he´m q gm  ~
m Z ^ q ^5_·g  ~|{^ q,s m Z ^zgvzD^ q Ãm Z ^~gv_^ s m Z ^
µ sWq Í ¼¹s gi|eg q ^9e´^5mgie,m Z ^
} s ~}5gvmf^5~gm ¹s ~ s m Z ^
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, q e´m[moµ s¼ ^m´mt^ q e s m Z ^^5jk^$}h{mf^$|giz{z ¼¹ }$gm ¹s ~e5¾ ®v©&- Ã{ siq ~eom&gv~}5^iÃ q ^«^ q e-m s ®v© gi~|  §ä®  Ë¡½¤
	
q h{~{~  ~{·e  _h ¼ mtgv~^ s he ¼ ni¾
+Áh q e´mfh|kn Z gie]»D^5^$~ ¼¹ _  mf^G|m s _h ¼ m  z qts  q gi_
_  ~{^5~ ¹qfs ~{_^5~Am$Ã  ¾ ^W¾Ï^jk^G}hkm ½s ~ s   ~|k^$z^$~|k^5~Am
z qfs  q gv_·e5¾Â ¹q eomGÃefh} Z gµ sWq Í ¼¹s gW|Lz{h{mÁg· q ^$gvmf^ q eom q ^Gefe s ~Sm Z ^9_^$_ sWq n Z{ ^ q g q } Z nlm Z gi~;g·zg º
q g ¼¹¼ ^ ¼ µ siq Í ¼½s gi|Î¾ y ^G} s ~|ÎÃDµ^|  |8~ s m Z gi^9gi}$}^Gefe,m s m q gW}^$e s zg q g ¼½¼ ^ ¼ gvz{z ¼¹ }5gm ½s ~e  ~} ¼ h|  ~{
he´^ q´ºä¼ ^$i^ ¼ gi~|4Íi^ q ~{^ ¼ ºä¼ ^$i^ ¼ gW}Çm    m  ^$e$¾
   (l8
<!
¿È^Äz^ q  sWq _^G|Le  _h ¼ gvm ¹s ~e-»nlg q n  ~_^5_ sWq n ºäZ{ ^ q g q } Z nzg q gv_^mt^ q e¶µ Z½¼ ^Ä^jk^$}5hkm  ~{`iÃ{ÃA
sWq m Z{q ^Ggi|{eÄe  _h ¼ mtgv~^ s he ¼ ni¾ +  eom  ~}Çm9z qts  q gi_eg q ^giete  i~{^G|m s m Z ^m Z{q ^$gW|{e  ~Àm Z ^
z qfs }^Ge º
e siq ¾·Â sWq ^$gi} Z e  _h ¼ gvm ¹s ~]Ã/µ^µ[g q _0m Z ^·_
^$_ siq n Z{ ^ q g q } Z n8µ  m Z m Z ^·^jk^$}5hkm ¹s ~ s Á`·_ ½¼¹¼¹½s ~
 ~e´m q h}Çm ½s ~ez^ q ^jk^$}5hkm  ~{Sm Z{q ^$gW|Î¾ Y ^5~È_ ½¼¹¼½¹s ~ s   ~e´m q h}m ¹s ~em  _^
m Z ^~h{_»^ qs ¶m Z{q ^Ggi|{e
 em Z ^$~4e  _h ¼ gmf^G|Î¾ Y[Z{ e  e[e´h $·}  ^$~Am-  W^5~lm Z ^Äeom q h}mfh q ^ s ]m Z ^Á_^$_ sWq n Z{ ^ q g q } Z ni¾ 5 siq ^ s W^ q Ã
µ-^Á| s ~ s m ¼¹ss Í·gmm Z ^Ägv»e si¼ hkmt^	zD^ q  siq _gi~}^ s  °± g q } Z mt^$}Çmth q ^$e s ~Lgv~Sgvz{z ¼½ }5gvm ¹s ~]ÃA»{hkm[µ^
µ[gv~AmÁm s ^5g ¼ hgmt^m Z ^ ¹qq ^ ¼ gm  i^»^ Z g ½sWq µ Z½¼ ^g q n  ~{4| 54 ^ q ^5~Amzg q gv_^mt^ q e s rm Z ^_^5_ sWq n
Z ^ q g q } Z ni¾ Y[Z ^L|k^5Ngvh ¼ mzg q gi_^mf^ q e9he´^G|  ~Ìm Z{ ee´mfh|knÌg q ^ ¼¹ e´mf^G|  ~ m&gv» ¼ ^4 ¯´¦D¤ _^Ggv~e ¦Ë¨¢
¤  " Ë¡£&¤  5¡½§f³ ¾
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Y gv» ¼ ^9%!r|k^5Ngvh ¼ m,zg q gi_
^5mf^ q e s _^5_ siq n Z{ ^ q g q } Z n
 245#7680,.68Ç.
Y[Z ^Äe  _
z ¼ ^Geom_^$gWe´h q ^Á siq[q ^$z q ^$ef^5~Am  ~{m Z ^Ä»D^ Z g ¹siq[s /g
_^5_ sWq n Z{ ^ q g q } Z n s ~gz qts  q gi_  e
m Z ^r_  efe q gvmf^i¾ #,s µ-^5i^ q Ã5m Z ^^jk^$}5hkm ¹s ~ s   ~e´m q h}m ¹s ~eË qts _  ~|k^5zD^5~|k^5~AmÏm Z{q ^$gi|e5Ã s hkm ºßs  ºßsWq |{^ q Ã
µ  m Z ~ s ~ º » ¼½s }&Í  ~{À}$gi} Z ^Ge5Ã-g ¼¹¼½s µ,em s _·g  ~Amtg  ~²m Z ^  ~e´m q h}Çm ½s ~²z  zD^ ¼¹ ~^;gv~|m Z ^«h~}Çm ½s ~g ¼
h~  m&e
»{hefni¾ Y[Z ^S_  ete q gvmf^$e Z gW^l~ s µ Ng q¼ ^$etee  i~  ,}$gv~}5^"!lgÀ_  ete s ~Ém Z ^S}$gi} Z ^S| s ^$e
~ s m
 _z ¼ n4^ 4 ^G}Çm  i^z^$~g ¼ monL sWq m Z ^9^jk^G}hkm ½s ~  `4ß¾Â siq	s h q ^$g ¼ hgm ¹s ~ÏÃµ Z{ } Z8 e	_ s e´m ¼ n sWqf ^5~Amf^G|
m s µ-g q |e-}$gi} Z ^Ge5Ãµ  m Z gW^ q nl^ $l}  ^$~Wm	«^mt} Z _^$} Z gv~  e´_Ãkm Z ^9~h{_»^ q,s   ~eom q h}m ¹s ~e,^jk^$}5hkmf^G|
zD^ q }5nk} ¼ ^ ¯
	   ³  eg ss |  ~|  }5gvm sWqs z qfs  q gv_0»D^ Z g ¹siq gv~|Àµ ¹¼½¼ »D^·hef^$|ÈgieÄzD^ q  siq _·gv~}5^
_^5m qt }  ~4m Z ^ q ^5_·g  ~|k^ qs Ïm Z ^zgiz^ q ¾
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¿È^(, q e´me  _h ¼ gmt^$||  4 ^ q ^5~Am} s ~AW^5~Am ¹s ~g ¼ } s ~%,ih q gm ½s ~e s _^5_ siq n Z{ ^ q g q } Z nµ Z{¹¼ ^-^jk^G}hkm  ~{
ge  ~{ ¼ ^m Z{q ^$gi|]ÃWm sZ gW^	} ¼ h{^Ge s ~·m Z ^»D^ Z g ¹siq¶s  s h q »D^5~} Z _·g q Íe´^5m$¾Â  Wh q ^ 9¹¼¹¼ he´m q gmt^$e¶m Z ^
gW^ q gvW^ s »kmtg  ~^$|  p wÁÃµ  m Z gLW
K}5gW} Z ^gi~|8g qt½s he» ¼¹s }&Í8e ¹¸ ^Ge	gv~|;giete s }  gvm    m  ^$e$¾ Y[Z ^
s m Z ^ q zg q gv_^mt^ q e,g q ^ef^mÄh{z8m s m Z ^ ¹q |k^5Ngvh ¼ mÄg ¼ h^$e$¾ Y[Z ^
Íi^$n#" $ ¥¡ %%% ´¤ 	 q ^5«^ q e,m s g4}5gi} Z ^
µ  m Z » ¼¹s }&Íke s  %%% »nAmf^$e	gv~|Sgiete s }  gvm    monl|k^$ q ^5^ 	 ¾
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Â  ih q ^  !gi^ q gii^  p w  sWq `Äm Z{q ^$gW|ÎÃ{Æ/
} s ~Amf^$~Wm ½s ~Lm&gvÍW^5~  ~8gi}$} s h{~Am
xÁer^jkzD^$}mf^$| sWq } s ~AW^5~Am ¹s ~g ¼ ~ s ~ º et}  ^5~Am  ,}[gvzz ¼½ }5gvm ¹s ~e$Ãvm Z ^  p w s »e´^ q W^$|  e»D^moµ-^5^$~`i¾õ
gi~|Ì  `ä¾ Y[Z ^lgW^ q gvi^~h{_»D^ q9s -_  efe9z^ q ~eom q h}Çm ¹s ~ ¯ 5 p ´³  e  i^$~  ~ÉÂ  Wh q ^4¾ Y[Z ^
 q giz Z mtgiÍi^$e  ~Am s gi}$} s h~Wmm Z ^  ~e´m q h}Çm ½s ~;gie	µ^ ¼½¼ giem Z ^|gmtgl_  ete´^Ge ¯ m Z ^ q gmt^ s   ~e´m q h}Çm ½s ~
_  efef^$e s i^ q m Z ^9m s m&g ¼ ~h{_»^ q	s _  efef^$e  e  W^5~  ~;Â  Wh q ^. ³ ¾ Y[Z ^9h~  ,^$|;Æ}5gi} Z ^9e´^ q   }^$e
Æ¶` º }5gW} Z ^·_  ete´^Ge5ÃrgWeµ-^ ¼¹¼ gieµ qf mf^Lm q gv~etgi}m ¹s ~egv~|Ée s _^5m  _
^Ge} siZ ^ q ^5~}5n s z^ q gvm ¹s ~e$¾ Y[Z ^
gW^ q gvW^ s }5}5h{zgv~}n s m Z ^LÆ}5gi} Z ^lgv~|Àm Z ^l_^5_ siq nÀg q ^ q ^5z q ^$ef^5~Amf^G|  ~ÉÂ  Wh q ^$e8gv~|Å` 4{¾
Y[Z ^Àgi^ q gii^ s }5}5h{zgi~}nÅ}5gi~»^È  ^$µ^G|gielm Z ^À q gi}Çm ½s ~ s m  _^Àm Z ^ÌÆ/É}5gi} Z ^ ¯ q ^$efz]¾ m Z ^
_^$_ sWq n ³  eÄ»he´nz qfs }5^$ete  ~{gi}5}5^$ete´^Ge, qts _ m Z ^·Ær`·}$gi} Z ^ ¯ q ^$efz]¾m Z ^·Æ/S}$gi} Z ^ ³ ¾.+Áh{^m sS¼¹s µ
g ¼ h{^Ge5Ãvm Z ^	et}5g ¼ ^  ~·Â  ih q ^`4 Z gie(»D^5^5~lef^mm ss ~{^-m Z{½q | s Dm Z ^,ef}$g ¼ ^-he´^G|  ~l{¾ Y[Z ^ s }5}5h{zgi~}n
 e2/Ah  mf^ ¼¹s µÉ siq m Z ^»^Geom º zD^ q  siq _  ~/.  §ä®  D¡½¤ 	 µ Z } Z e(^$ete´^$~Wm  g ¼½¼ n9} s ~e´m  mfhkmt^$|
»ngÄe  ~{ ¼ ^ ¼½ss z
gi~| ,mteµ^ ¼½¼ ~m Z ^
Æ¶`
}$gi} Z ^Ge5¾ÄÂ sWq gvz{z ¼¹ }5gm ½s ~eÁµ  m Z¼ g q i^ q µ sWq Í  ~{4ef^mGÃÎe´h} Z gie §5¬Ç¡½¨t® siq
GN­i§&¨  D¡¹¤
	 ÃAm Z ^gi^ q gii^[Æ/}$gi} Z ^ s }5}5h{zgi~}n
}5gv~·»D^ÁgWe Z{  Z gWe    ¾2+Á~{^ Z gie(m s Íi^$^5z  ~·_  ~|
m Z gmm Z ^$ef^
g q ^ s ~ ¼ n8gi^ q gvW^g ¼ h{^$e$Ã]gv~| s ~ ¼ n8  i^
gv~  ~|  }5gvm ¹s ~ s  Z{s µ  sAs | sWq »gi|8m Z{ ~{We
g q ^!} s ~Amf^$~Am ¹s ~]Ã  ¾ ^i¾·} s ~ 6  }ÇmteÄ»D^moµ-^5^$~ÈgW}5}5^$ete´^Ge5ÃÎ_·gn s }5}5h qÄs ~Àm Z ^lÆS}5gi} Z ^^$i^5~Èµ Z ^$~ s ~
gW^ q gvW^iÃ]m Z ^4Æ8}5gW} Z ^ s }5}5h{zgi~}n  e ¼¹s µ¾ #,s µ-^5W^ q ÃÏm Z ^4} siqtq ^ ¼ gvm ¹s ~Ì»^5moµ^$^5~ m Z ^L_^Ggiefh q ^G|
zD^ q  siq _·gv~}5^ ¯ Â  Wh q ^  ³ gv~|Sm Z ^ s }5}5h{zgi~}n ¯ ¹¼½¼ he´m q gmf^G|Â  ih q ^9 ³  e /Ah  mf^} ¼ ^$g q ¾ Y[Z ^ Z{  Z ^ q
m Z ^ s }$}h{zgv~}5niÃ(m Z ^ Z{  Z ^ q
 em Z ^} s ~Amf^5~Am ½s ~gv~|Ém Z ^ ¼¹s µ^ q e9m Z ^4zD^ q  siq _·gv~}5^i¾ Y[Z ^ q ^
 e
~ s } ¼ ^$g q m Z{q ^Ge Zsi¼ |gmt^ q µ Z{ } Z m Z ^z^ q  sWq _·gv~}^ ¼½s efe»^G} s _
^Ge·| q gv_·gm  }i¾ Y[Z ^8Æ/À}5gi} Z ^
0 } s h ¼ |21»^Á»{hefn` 4 4  s Îm Z ^Ám  _^	»n  |{^$g ¼¹¼ nefzgW}^$| s hkm q ^&/Ah{^Geom&e¶µ  m Zs hkm q ^Ge´h ¼ m  ~{  ~LgW|{|k^G|
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Â  ih q ^ !gi^ q gii^Á_  ete[z^ q, ~eom q h}m ¹s ~ s ~8Ær`}$gi} Z ^Ge¶ sWq `m Z{q ^$gW|
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Â  ih q ^ ! q gm ½ss   ~eom q h}Çm ¹s ~S_  etef^$e s i^ q m s m&g ¼ ~h{_»^ qs (_  ete´^Ge s ~Ær`}5gW} Z ^$e- sWq `Ám Z{q ^$gi|
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Â  ih q ^ !rgW^ q gvW^	Æ/
}5gW} Z ^ s }5}hzgv~}5n q gmf^ sWq `Ám Z{q ^$gi|
zD^5~g ¼ m  ^$e$¾+Á~lm Z ^ s m Z ^ q-Z gv~|ÎÃAm Z ^ÄÆ/}5gi} Z ^	} s h ¼ |L»^»{hefn` 4  s Îm Z ^Ám  _^iÃk»{h{m-»n»{h q eom&e s 
/0/'ö21435)576
` 9*§ &¤©Ç¢ßN§¦¡ 	Á¦D­v¬(*§ÄÎ§	5¦D§ 
0,0
10,0
20,0
30,0
40,0
50,0
60,0
70,0
80,0
90,0
100,0
gs jp mp nr re sd ve vi
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Â  Wh q ^`4 !gi^ q gii^	_^$_ sWq n s }$}h{zgv~}5n q gvmf^ siq `m Z{q ^Ggi|
} s ~ 6  }m  ~{ q ^ /Wh^$e´mte$¾
-nL} s _zg qf ~{Â  ih q ^  gv~|kÃ s ~{^}$gv~S~ s m  }5^Äm Z gvmm Z ^  p w  e~ s m	| ½q ^$}m ¼ nL} sWqfq ^ ¼ gmt^$|·m s m Z ^
5 p  ¾{Â sWq ^j{gv_z ¼ ^iÃ G(¯ W 
 ºß¼ W º gi ³ Z gieg Z{  Z ^ q  p w m Z gv~ G¯ W 
 ºß¼   º g` ³ ÃW»{hkm G¯ W 
 ºß¼   º
g` ³ e Z{s µ,e9g ¼½s µ-^ q 5 p  ¾ Y[Z e  e9m q h{^· siq e´^$i^ q g ¼rs m Z ^ q |gmtg;z sW ~Amte$¾;Æ s ~{i^ q9¼¹ ~{^Ge q ^$efh ¼ m  ~
¼ ^$eter_  efef^$e¶»{hkmGÃgWe ¹¼¹¼ he´m q gmt^$|»n·Â  Wh q ^Á{Ã q ^Ge´h ¼ m  ~ Z{  Z ^ q¼ gmt^5~}  ^Ge¶|kh^,m s }5gW} Z ^ s }5}5h{zgv~}niÃ
Z ^5~}5^lm Z ^ ¼¹s µ^ q  p wÁ¾ YÏs ^5g ¼ hgvmf^L_ sWq ^L} ¼ ^Gg qt¼ nÀm Z ^  _
zgi}Çm s 	} s ~Amf^$~Wm ½s ~ s ~Ée  ~{ ¼ ^ º m Z{q ^$gW|
zD^ q  siq _·gv~}5^iÃ(µ-^L} s ~|kh}mf^$|e  _h ¼ gm ½s ~egWefefh{_  ~{;~ s } s ~Amt^5~Am ¹s ~ s ~ m Z ^SÆ/}5gi} Z ^ ¯  ¾ ^W¾ s ~
^$i^ q n·_  efe$Ãkm Z ^_  ete  ~{µ sWq |4} s _
^Ge[»gi}&Í4gmf^ q 
}nk} ¼ ^$e ³¯ Â  Wh q ^·`i` ³ ¾
Â siq §5¬Ç¡½¨t® Ã¶ siq ^j{gi_
z ¼ ^WÃµ Z gmt^5i^ q m Z ^}5gi} Z ^4} s ~%,Wh q gvm ¹s ~]Ãm Z ^  p w  e s W^ qfº ^Geom  _·gvmf^$|È»n
g4NgW}Çm sWqÄs g qts h{~|À 4  ¾ Y[Z ^ s W^ qfº ^Geom  _·gm ½s ~;g qt ^GeÄ»^5moµ^$^5~ `$  gv~|Ì    siq GN­i§&¨  D¡½¤ 	 Ã
gi~|l»D^moµ-^5^$~`$  gv~|44   siq ®v© ¾ Y[Z ^Ge´^ q ^$efh ¼ m&e[} ¼ ^$g qt¼ ne Z{s µ m Z ^Ä~{^$}5^$ete  mon
m s mtgiÍi^ÄÆ/}5gi} Z ^
} s ~Amf^$~Am ¹s ~  ~Am s gW}5} s h{~Amµ Z ^5~8e  _h ¼ gvm  ~{·e  ~{ ¼ ^5m Z{q ^$gW|k^$|4g q } Z{ mt^$}mfh q ^$e$¾
0,00
1,00
2,00
3,00
4,00
5,00
6,00
gs jp mp nr re sd ve vi
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gi^ q gii^  p w  siq `Äm Z{q ^$gi|]Ã{giete´h{_  ~{
~ s } s ~Wmt^5~Am ¹s ~ s ~Æ/
}$gi} Z ^
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Y[Z ^  _zgi}m s } s ~Amf^5~Am ½s ~ s ~Ðz^ q  sWq _·gv~}^Ìe Z{s h ¼ |»D^À_ siq ^  _z siq mtgv~Am8gieLm Z ^Ì~h{_»^ qSs 
m Z{q ^$gi|e	^5j^G}hkm  ~Se  _h ¼ mtgv~^ s he ¼ n  ~} q ^Ggief^$e$¾ Y/s ^jkz ¼¹siq ^m Z{ e$Ã]µ^ q gi~e  _h ¼ gvm ¹s ~eÁµ  m Z kÃËÃ
gi~|  m Z{q ^$gW|{e q h{~~  ~	m s i^5m Z ^ q ¾Â  Wh q ^Á`G	e Z{s µ,eÏm Z ^-gW^ q gvi^  p w s »{mtg  ~{^G| siq ^   Z m| 54 ^ q ^$~Wm
 qfs h{ze s r»^$~} Z _·g q Íke5Ã siq  s h q m Zq ^Ggi|{e$¾,¿È^hef^$|8m Z ^
efgi_
^|k^Ngih ¼ m Z{ ^ q g q } Z n4gie	z q ^5 ½s he ¼ n
|{^$et} qt »D^$|  ~ Y gv» ¼ ^9 ¯ A
 Ær`}$gi} Z ^Ge5ÃË` 5 +Æ/
}$gi} Z ^WÃD¾¹¾¹¾ ³ ¾
Y[Z ^ q ^$efzD^$}Çm  W^z^ q  sWq _·gv~}^$e s  s h q g qt½s he qts h{ze s -»D^5~} Z _g q ÍkeÄg q ^i^ q n;| 54 ^ q ^5~Am$¾ Y[Z ^
zD^$giÍ  ~eom q h}m ¹s ~²zg q g ¼¹¼ ^ ¼½ ef_  e{Ãrµ Z } Z } siqtq ^$efz s ~|{em s m Z ^8eom&gm  }4z  z^ ¼½ ~{^µ  |km Z ¯ gv~| m s
m Z ^Sz^GgvÍÌ«^m&} Z »gi~|kµ  |m Z ³ ¾ Y[Z ^»D^$e´m
zD^ q  siq _  ~»D^5~} Z _·g q Íke Z g q | ¼ n ^j Z{ »  m  p w Z{  Z ^ q
m Z gv~;{¾  ~4m Z ^9µ siq eom,}$gief^ ¯´¬f§©­ §G Ã{ siq g
A
| ½q ^$}m º _giz{zD^$|}5gW} Z ^gv~|Sg» ¼¹s }&Í4e ¹¸ ^ s   
»nAmf^Ge ³ ÃDm Z ^  p w  e s ~ ¼ n8g qts h{~| ¯7§ gi~| G g q ^9moµ sLs rm Z ^_ s e´mÆ/·»gv~|kµ  |m Z } s ~efh{_  ~
giz{z ¼¹ }$gm ½s ~e  ~ s h q »^$~} Z _·g q Íef^m ³ ¾ Y[Z{ e  p w  e ¼½s µ-^ q m Z gv~È siq ¬f§&¤¡ ®   Ãgv~| u he´me ¼½  Z m ¼ n
Z  Z ^ q m Z gi~l sWq m Z ^	m Z{q ^5^ s m Z ^ q z qfs  q gv_·e$Ã  ]m Z ^$n·µ^ q ^ q h~{~  ~{g ¼½s ~{^i¾ Y[Z{ e  ~|  }5gvmf^Ge¶m Z gm  ~
e s _^}5gWe´^ ©Ç
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 k¡£¢H¢«ª¬t§t¤W­¦® ¼ ^Ggi|{e-m s »gi| ¯ sWq ~ s m  ~Amf^ q ^Geom  ~{ ³ z^ q  sWq _·gv~}^$e$¾
Â  Wh q ^Ge`$Lgv~|Ì`$ ½¼¹¼ heom q gvmf^m Z ^gW^ q gvi^ÄÆ/l}5gi} Z ^gv~|_^$_ sWq n s }5}hzgv~}  ^Ge	|kh qf ~{·m Z ^e  º
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gsjpmpnr resdvevi gsmpreve jpnrsdvi gsjpresd mpnrvevi gsnrrevi jpmpsdve
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Â  ih q ^`G !gi^ q gvW^  p w  siq 
m Z{q ^Ggi|{e$Ã{Æ/
}$gi} Z ^} s ~Amf^5~Am ½s ~Lm&gvÍi^$~  ~8gi}$} s h~Wm
_h ¼ gm ¹s ~e5¾ Y[Z ^ s }5}hzgv~}5n q gmf^Ge Z gi^-m s »D^,} s _
zg q ^$|µ  m Z Â  ih q ^$e(Ägv~|4`4{¾ Y[Z ^  ~} q ^$gief^  e
| q gi_gvm  }v¾rÂ siq e  j s m Z ^^   Z m, qfs h{ze s (»D^5~} Z _·g q Íke$Ãm Z ^ s }5}5h{zgi~}n4^j{}^$^$|{e, 4  µ Z gvmf^$i^ q
»D^lm Z ^}5gi} Z ^L} s ~%,ih q gvm ¹s ~]¾  ~e´^$i^ q g ¼ }5gWe´^Ge5Ã  m Z gWe~^$g qt¼ n q ^$gW} Z ^$|Å`4 4  ¾ Y[Z{ e Z gWe»D^5^$~
z s ete  » ¼ ^»D^$}5gihef^,gÄ_  eterµ ¹¼½¼{q ^$efh ¼ m  ~ s ~ ¼ nzg q m  g ¼½¼ ne´mtg ¼½¼¹ ~9gm Z{q ^$gW|ÎÃiµ Z{¹¼ ^m Z ^ s m Z ^ q m Z{q ^Ggi|{e
_·gnÉ} s ~Am  ~h{^Lm Z ^^jk^$}5hkm ¹s ~Ï¾ ' j{}5^5zkm siqs ~{^4 qfs h{z s 	»D^5~} Z _·g q Íke siq gÌe  ~{ ¼ ^ Z{ ^ q g q } Z n
} s ~%,ih q gm ½s ~]ÃAm Z ^ s }5}5h{zgi~}n  eg ¼ µ[gne Z{  Z ^ q m Z gv~ 4  ¾
#	  Z ^ qs }$}h{zgi~}n  _z ¼¹ ^Ge Z{  Z ^ q } s ~Wmt^5~Am ¹s ~Ï¾lx	ez q ^5 ¹s he ¼ niÃ]µ-^l}5gi~ s »e´^ q W^ Z ^ q ^lgSe´m qts ~
} siqtq ^ ¼ gvm ¹s ~²»^5moµ^$^5~ m Z ^8zD^ q  siq _·gv~}5^$e s m Z ^; qts h{ze s »D^5~} Z _·g q Íe q ^ ¼ gm  W^Sm s m Z ^;}5gi} Z ^
} s ~%,ih q gm ½s ~e5Ã(gv~|Ìm Z ^ s }5}hzgv~}5ni¾ Â  ih q ^`8e Zs µ,em Z gmm Z ^4etgv_^Se  _h ¼ gm ½s ~e q ^$g ¼½¹¸ ^G|
µ  m Zs hkmÁ}$g qt ~ sWq } s ~Amf^5~Am ½s ~ s ~Æ}5gW} Z ^  i^Ng q »^5m´mf^ q	q ^$efh ¼ mte[m Z gv~  ~;Â  ih q ^·`k¾¶Â siq g ¼½¼
m Z ^	 qfs h{ze s ]»D^5~} Z _·g q Íke$Ãim Z ^  p w  e»^5moµ^$^5~4gv~|  ¾ Y[Z ^ s W^ qfº ^Geom  _·gvm ¹s ~ s ]zD^ q  siq _·gv~}5^
 e ¼ g q i^ q m Z gv~S siq g·e  ~{ ¼ ^m Z{q ^$gW|Î¾ Y[Z{ e s i^ q´º ^$e´m  _·gm ¹s ~Lg qf ^$e$Ãk»{hkm s mf^$~S^5j{}^5^G|{eÄ` 44  Ã{gv~|
q ^$gW} Z ^$e`   sWq ¬f§©­ §G Ã{ siq g·A
 | ¹q ^$}Çm º _·giz{z^G|4}$gi} Z ^Äµ  m Z g
» ¼¹s }&Í4e ¹¸ ^ s   »nAmf^Ge5¾
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Â  ih q ^`$ !gW^ q gvi^Æ/
}5gW} Z ^ s }$}h{zgv~}5n q gvmf^ siq 
m Z{q ^Ggi|{e
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Â  ih q ^`5 !gi^ q gvW^	_^5_ sWq n s }5}5h{zgi~}n q gmt^ siq 
m Z{q ^$gW|{e
5 sWq ^ s i^ q Ãµ Z ^5~Sm Z ^} s ~Amf^5~Am ½s ~  e  i~ sWq ^G|ÎÃ{e  _h ¼ gvm ¹s ~ q ^Ge´h ¼ m&e[ siq | 54 ^ q ^5~AmÁ}5gW} Z ^} s ~%,ih q g º
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Â  ih q ^`G !(gW^ q gvW^  p wÅ siq 
m Zq ^Ggi|{e$Ã{giete´h_  ~{~ s } s ~Amf^5~Am ½s ~ s ~SÆ}$gi} Z ^
9;: / 9=<
  ¨v¦¢¥§¦¢HN¨v¦¨v¦ W¦D­Ï§§¡   ¤"&ª{§-°¤
	(
¢Î¢ª§2	§ ¢ß§¦Ë§Ç©&©-¨7
 k¡£¢¥¤¦Ë§t¨v ©°8 k¡£¢H¢«ª¬t§t¤W­¦® `
m ½s ~e9}$gv~ ¼ ^Ggi|Àm s _  e ¼ ^$gW|  ~} s ~} ¼ he ¹s ~e$¾ Y[Z heµ Z ^$~  W~ siqt ~ÆS}5gi} Z ^} s ~Amf^$~Am ¹s ~È siq g ¼½¼
»D^5~} Z _·g q Íe$Ã  ~} q ^Ggie  ~l» ¼¹s }&Í8e ½¸ ^gi~|;giete s }  gvm    mong ¼¹¼½s µ,e Z{  Z ^ q zD^ q  siq _·gv~}5^$e$¾Áx ¼¹ss Í8gm
Â  ih q ^9`z qts i^Ge(m Z{ em s »^Ái^5~^ q g ¼¹¼ n
µ qfs ~{¾(Â  ~g ¼¹¼ nWÃÂ  ih q ^9`9e Z{s µ,e ¼¹ mfm ¼ ^Ág qf gm ½s ~  ~  p w
»D^moµ-^5^$~| 54 ^ q ^$~Am_  j  ~{ s m Zq ^Ggi|{e$¾  ~È} s ~Am q gWeomGÃDÂ  ih q ^l`GLe Zs µ,e	gl_h} Z µ  |k^ q g qt gvm ¹s ~]¾
Y[Z ee´h{Wi^Geom&eÄm Z gvm9m Z ^L_  j  ~{ s -m Z{q ^$gi|e Z gWe ¼½ m´m ¼ ^  _zgW}Çm s ~Éef_g ¼½¼ Ær`L}$gi} Z ^Ge5Ã»{hkm Z gie9g
Z  Z ^ q _zgi}m s ~ ¼ g q W^Æ}$gi} Z ^Ge5¾
Y[Z ^gi^ q gvW^	_  efezD^ q	 ~e´m q h}m ¹s ~ s ~Sm Z ^9Ær`9}5gW} Z ^$e ¯ 5 p ´³ µ Z ^5~8m Zq ^Ggi|{eg q ^Ä^jk^G}hkm  ~{
e  _h ¼ mtgi~{^ s he ¼ n  e ¹¼¹¼ he´m q gmt^$|  ~lÂ  Wh q ^`  ¾ Y[Z ^,»D^ Z g ¹siq e s Dm Z ^	Æ¶`	}5gW} Z ^$erg q ^ /Ah  mf^| 54 ^ q ^$~Wm
 qts _'m Z ^ s ~{^$eÁµ  m Z gLe  ~{ ¼ ^9m Z{q ^Ggi|Î¾ 3,s µÃ siq ~eom&gv~}5^g ¼ g q i^ q }5gW} Z ^9» ¼¹s }&Í8| s ^$eÁ~ s mÄe´nke´mf^ º
_·gvm  }5g ¼¹¼ nl_^$gv~eg ¼¹s µ-^ q _  ete q gm ¹s µ Z ^5~Sm Z ^9giete s }  gm    mon  e[~ s m	efh%$l}  ^5~Am$¾
Y/s ^$g ¼ hgmt^m Z ^  _zgi}m s rm Z ^
e  _h ¼ mtgv~^ s he	^5j^G}hkm ½s ~ s r s h q m Zq ^Ggi|{e s ~m Z ^Ær`
}5gi} Z ^iÃËµ^
Z gi^}$g ¼ }h ¼ gmt^$|Sm Z ^ 5 p  m Z gvm  e s »kmtg  ~^$|µ Z ^$~8 s h q gvzz ¼½ }5gvm ¹s ~eÁ} s ~eom  mthkm  ~{Lm Z ^| 54 ^ q ^$~Wm
 qfs h{ze s Ï»D^5~} Z _g q Íke q h~4ef^&/Ah{^5~Am  g ¼½¼ ni¾Â  Wh q ^`9e Zs µ,erm Z ^gW^ q gvW^ 5 p   sWq m Z ^e´^ /Ah{^5~Am  g ¼
gi~|Èm Z ^Lzg q g ¼½¼ ^ ¼ ^jk^$}5hkm ¹s ~e9 siq W
 º µ-gnÈgiete s }  gvm  i^lÆr`4}5gi} Z ^$eµ  m Z g q n  ~{;» ¼¹s }&Íe ¹¸ ^i¾
Y[Z ^~h{_»^ qs _  ete´^Ge s ~4m Z ^Äzg q g ¼½¼ ^ ¼ ^jk^G}hkm ½s ~  egvz{z qfs j  _gvmf^ ¼ nm Z ^9| s h» ¼ ^ s ge´^ /Ah{^5~Am  g ¼
^5jk^$}h{m ¹s ~]¾ Y[Z{ e^jkz ¼ g  ~e-m Z ^  ~} q ^$gief^  ~8} s ~Amf^5~Am ½s ~ s ~Lm Z ^9Æ/
}5gW} Z ^i¾
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Â  Wh q ^
`  !gi^ q gii^,_  efe,z^ q ~e´m q h}m ¹s ~ s ~Ær`}5gW} Z ^$e- sWq 
m Z{q ^$gW|{e
  %(' 'É{ Ó
Æ}$gi} Z ^} s ~Wmt^5~Am ¹s ~ Z gie[g ¼ g q W^  _
zgi}Çm s ~4z^ q  sWq _·gi~}^	 siq e  ~{ ¼ ^5m Z{q ^$gW|k^$|lg q } Z mt^$}Çmth q ^i¾(¿À^
Z gi^^Geom&gv» ¼¹ e Z ^G|8m Z gmÄm Z e  _
zgi}Çm  e^5i^$~ ¼ g q i^ q µ Z ^$~Èef^5W^ q g ¼ m Z{q ^$gi|eg q ^^jk^$}5hkm  ~{e  _h ¼ º
m&gv~{^ s he ¼ ni¾  i~ sWqf ~{Æ}$gi} Z ^} s ~Wmt^5~Am ¹s ~4gv~|4g ¼ e s _
^$_ siq nlgi}5}5^$ete s ~ °²± µ s h ¼ |4} s ~|kh}Çm-m s
_  e ¼ ^$gW|  ~{ q ^Ge´h ¼ mte$¾
Y[Z ^ q ^5_·g  ~|k^ q	s m Z{ eÁe´mfh|{nSµ ¹¼¹¼ ^5jz ¼½sWq ^  ~|k^$zkm Z m Z ^  _zgW}Çm s m Z ^
e ½¸ ^iÃm Z ^
giete s }  gvm    moniÃ
gi~|Lm Z ^» ¼¹s }&ÍLe ½¸ ^ s Ïm Z ^_^5_ siq n Z{ ^ q g q } Z n s ~Sm Z ^zD^ q  siq _·gv~}5^ s (gi~ °²± g q } Z{ mf^G}Çmfh q ^W¾
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SEQ-l16
PAR-l16
SEQ-l32
PAR-l32
SEQ-l64
PAR-l64
Â  ih q ^ `%!} s _zg qt e s ~²»^5moµ^$^5~Æ¶`8_  ete q gvmf^Ge siq ef^&/Ah{^$~Am  g ¼ gi~| zg q g ¼¹¼ ^ ¼ ^jk^G}hkm ½s ~ s 
m Z{q ^$gi|e
 6    12- !   !
Y[Z ^gW}5}^Gefe¶m  _^	m s m Z ^Ær`}5gi} Z ^$e Z gie[g_g uosiq- _zgW}Çm s ~Lm Z ^z qts }5^$ete sWq }5n} ¼ ^Ám  _^  
ä¾rÆÏg q W^
}$gi} Z ^Ge5Ã  ~Émt^ q _ s 	}5gizgi}  monWÃ  _z ¼ n ¼½s µ }5n} ¼ ^Lm  _^i¾ +	m Z ^ q NgW}Çm siq eg ¼ e s;Z gi^Sgv~  _zgi}m s ~
m Z ^9}5gW} Z ^gi}$}^$ete-m  _^i¾ +Á~^ s m Z ^$_  e[m Z ^~h{_»^ q,s (z siq mtegg ¹¼ gi» ¼ ^Á sWqq ^Ggi|  ~{Ãkµ qf m  ~{ siq
hzD|{gvm  ~{m Z ^	|{gvmtg  ~m Z ^}5gi} Z ^i¾ Y[Z ^ Z{  Z ^ q m Z ^	~Ah_»D^ q¶s ]gi}5}5^$ete(z sWq m&e5Ãim Z ^ Z{  Z ^ q m Z ^Á}5gi} Z ^
gW}5}5^$ete¶m  _^ ½`Gä¾
 ~ m Z{ eLe´^G}Çm ¹s ~ÏÃµ-^8^j{gv_  ~{^m Z ^8»^ Z g ½sWq·s }5gi} Z ^ Z ^ q g q } Z n µ Z ^$~ hz²m s e  jm Z{q ^$gi|e·g q ^
^5jk^$}h{m  ~{Se  _h ¼ mtgi~{^ s he ¼ niÃÎ»n ,{j  ~{  ~eom q h}m ¹s ~Ègv~|È|{gm&g4}$gi} Z ^e ½¸ ^$eÁm s e´h}5}^Gefe  i^ ¼ nÌ`  
ÁÃ
A
 gv~|  
»nAmf^Ge5¾ Y[Z ^ s m Z ^ q }5gW} Z ^·zg q gv_^5mf^ q e9g q ^Lef^mm s m Z ^4|k^5Ngvh ¼ m s ~{^$e ¯ A º »AnAmt^
» ¼½s }&Íke5Ãk º µ[gn·giete s }  gvm    moniÃ¹¾¹¾½¾ ³ ¾
xÁeef^5^$~  ~Ém Z ^4z q ^5 ¹s hee´^G}Çm ½s ~]Ãrgvz{z ¼½ }5gvm ¹s ~e  ~m Z ^S»^$~} Z _·g q ÍÌe´^5m Z gW^Lg ¼ g q i^ q gi~{i^ s 
_^$_ sWq n·»D^ Z g ¹siq ¾(Â siq ~e´mtgi~}^/.  {§ä®  Ë¡½¤
	 | s ~ s m^5j Z »  m_h} Z Æ/gv~|L_·g  ~S_
^$_ siq nm q g
$l}v¾
+Á~4m Z ^ s m Z ^ qZ gi~|ÎÃ §¬Ç¡¹¨f® gv~| $N­W§&¨  Ë¡½¤
	 q h{~ s ~ ¼ g q W^ q µ siq Í ¼¹s gW|{e-gv~|  ~|kh}^_ sWq ^m q g
$l}i¾
Y[Z ^  _zgi}m s ~Ém Z ^SzD^ q  siq _·gv~}5^ s ,m Z ^8}$gi} Z ^Se ¹¸ ^  e ¹¼½¼ he´m q gmt^$|  ~²Â  ih q ^È`4{Ãrm Z{qts h{ Z
m Z ^ q ^Ge´h ¼ m  ~{Ågi^ q gii^  p wÁ¾ ' gW} Z »g q ¯ p w ³ q ^$z q ^$ef^5~Amtelm Z ^ etgv_^~h{_»^ qSs gvzz ¼½ }5gvm ¹s ~e
^5jk^$}h{mf^$|^  m Z ^ q ef^&/Ah{^$~Am  g ¼¹¼ n ¯  sWqs ~{^Lm Z{q ^$gW| ³ sWq ~²ef^&/Ah{^$~}^Ge s 	 qts hze s ,»^$~} Z _·g q Íke5Ãrg
 qfs h{z s (»^$~} Z _·g q Í4} s ~e  e´m  ~{  ~Sm Z ^9zg q g ¼¹¼ ^ ¼ ^jk^$}5hkm ¹s ~ s ¶{Ã{ siq  z qts  q gi_·e5¾ ' gi} ZSs  s h q

»D^5~} Z _g q Íke Z gW^	m Z ^9etgv_^Äµ^   Z m[ sWq m Z ^Ä s h q } s ~e  |k^ q ^G|4} s ~%,Wh q gm ¹s ~e5¾
Â siq g e  ~ ¼ ^m Z{q ^$gW|ÎÃ[ º µ-gnÉef^m º gWefe s }  gm  i^W 
 }5gW} Z ^$e·g q ^;efh%$l}  ^5~Am· sWq _ s e´m s  s h q
giz{z ¼¹ }$gm ½s ~e5¾w-gW} Z ^$e s rm Z{ ee ¹¸ ^g q ^~ s mÁm Z ^ q ^$g ¼/¼¹ _  m  ~{SNgi}m sWqÁs rm Z ^
zD^ q  siq _gi~}^Ge5¾ Y[Z ^
»D^5~^ ,{m9 qts _ e Z m  ~{; qfs _ `  
3m s W
Êg ¼¹¼½s µ,egAg  ~ s `  s ~Èm Z ^  p wÁ¾Ïx e Z{ m9 qts _
A
 m s  
 s ~ ¼ n4^5~ Z gv~}5^$e-m Z ^  p wÅ»nl  ¾
Â siq ef^5W^ q g ¼ m Z{q ^$gi|e5Ãm Z{ e	| 54 ^ q ^5~}5^  ~8zD^ q  siq _·gv~}5^  e	_ siq ^  _z siq mtgi~WmG¾ Y[Z he5Ã siq m Z{q ^$gW|{e5Ã
e Z{ m  ~{
m s W 
 }$gi} Z ^Á» qt ~{Ae[g~{^5mWg  ~ s ¶`$  ¾(x3e Z{ m-m s  
  eeom ½¼¹¼Ë ~Amf^ q ^Geom  ~Ãµ  m Z g
»D^mfmf^ q z^ q  sWq _·gi~}^ s (~{^$g qf¼ n8` 4  ¾
xÁe[^jkzD^$}Çmt^$|ÎÃ{m Z ^9}$gi} Z ^Äe ¹¸ ^  eg
_h} Z _ siq ^Ä|{^mf^ q _  ~  ~{zg q gv_^mt^ q  siq  m Z{q ^Ggi|{e$¾ Y[Z ^e Z m
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16 Kbytes 
32 Kbytes 
64 Kbytes 
Â  Wh q ^
` !gi^ q gii^  p w s »kmtg  ~^$|4µ  m Z `  
ÃkW 
 gv~|   
Å»nWmt^$eÆ¶`Ä}$gi} Z ^Ge
 qts _R`  
 m s  
Êg ¼¹¼½s µ,e9gAg  ~ s ~{^$g qf¼ nÀ4  Ãµ Z{ } Z q ^5z q ^Ge´^$~Wm&eÄ_ siq ^m Z gi~ s ~{^lgW|{|k^G|
 ~e´m q h}Çm ½s ~4^5jk^$}h{mf^$|SzD^ q }5n} ¼ ^W¾
Y[Z ^Ær`
}5gW} Z ^$eÁg q ^e Z g q ^$|8gv_ s ~{·m Z ^ q h{~{~  ~{Lm Z{q ^$gW|{e5ÃDµ Z{ } Z g ¼¹¼¹s µ,e	e s _^Í  ~| s ¶|{nA~gv_  }
gW|{gvz{mtgm ½s ~ s Îm Z ^Ägg ½¼ gv» ¼ ^e´zgW}^	m s m Z ^m Z{q ^$gW|{e&-W~{^$^$|{e ¯ ^Ge´zD^$}  g ¼½¼ n·»D^$}5gihef^	µ-^Ágietefh{_^$| Z ^ q ^
gWefe s }  gm  W^r}5gi} Z ^$e ³ ¾ #	s µ^$i^ q Ã$m Z{ e  e/m q h{^ s ~ ¼ nÄh{zm s g	}5^ q mtg  ~ ¼¹ _  m Wµ Z ^5~m ss _·gv~n 0 _^5_ sWq n
^GgvW^ q 1m Z{q ^$gi|e,g q ^ q h~{~  ~{  ~;zg q g ¼¹¼ ^ ¼ Ãkm Z ^
}5gW} Z ^$e,g q ^zD^ q _·gv~{^$~Am ¼ n4etgmfh q gvmf^$|]¾ Y[Z ^9~h{_»D^ q
s  q ^&/Ah{^$e´mte-_  efe  ~ s ~lm Z ^Æ¶`}$gi} Z ^ q ^Ge´h ¼ m&e  ~  ~} q ^Ggie  ~{
} s ~Wmt^5~Am ¹s ~Ï¾ Y[Z he$Ãkgie ¹¼½¼ he´m q gmf^G|l»n
Â  ih q ^L`G{ÃD siq gLA
KÆr`}5gW} Z ^e ½¸ ^µ  m Z  m Z{q ^Ggi|{e q h{~{~  ~{lm s W^m Z ^ q Ã s }$}h{zgi~}n  e Z{  Z ^ q
m Z gv~  4   siq _ s e´m s /m Z ^Ä qts hze s /»D^5~} Z _·g q Íe$¾rw s ~i^ q ef^ ¼ niÃµ  m Z 
 }$gi} Z ^Ge5Ã s }5}5h{zgi~}n
 e[h{~|{^ q 4   sWq _ s eom s /m Z ^»^$~} Z _·g q Íke5¾
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32k-l32-a4
64k-l32-a4
Â  ih q ^`$ !(gW^ q gvW^	Æ/}$gi} Z ^ s }5}hzgv~}5n· siq  m Z{q ^Ggi|{e$Ãkµ  m Z W 
gv~|   
 Ær`}5gW} Z ^$e
Y[Z{ e^$_
z Z gie ½¸ ^$e-m Z ^  _z siq mtgi~}^ s mfh~  ~·µ^ ¼½¼ m Z ^9~h{_»D^ qs /m Z{q ^$gi|e-m s m Z ^9}$gi} Z ^e ½¸ ^i¾
¿ Z ^5~Ìm Z ^4}5gW} Z ^  em ss ef_·g ¼¹¼ Ã/m Z ^L»D^5~{^,{m s [^5jk^$}h{m  ~{g ¼ g q i^ q ~h{_»^ qs -m Z{q ^$gi|e  em  ~ni¾
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` 9*§ &¤©Ç¢ßN§¦¡ 	Á¦D­v¬(*§ÄÎ§	5¦D§ 
x	~  ~} q ^$gief^  ~m Z ^9~h{_»^ q	s e  _h ¼ m&gv~{^ s he ¼ n4efh{z{z siq mf^$|4m Z{q ^Ggi|{e	e Z{s h ¼ |»^gW}5} s _zgv~  ^G|L»n
gi~  ~} q ^$gWe´^ s Á}$gi} Z ^Le ¹¸ ^i¾ #	s µ^$i^ q Ã  ~_ s |k^ q ~É_  } qfs z qts }5^$ete sWq e$Ã/m Z ^e ¹¸ ^ s m Z ^8Ær`S}5gi} Z ^
 egi_ s ~{ s ~{^ s [m Z ^4ef^5~e  m  W^·zg q gv_^5mf^ q eÄµ Z{ } Z ,{jk^$e9m Z ^l_·gvj  _h_ } ¼½s }&ÍÌ}nk} ¼ ^i¾x ¼ g q i^ q
}$gi} Z ^  _
z ¼½ ^$elg ¼¹s µ^ q } ¼¹s }&ÍÉ q ^ /Wh^5~}5ni¾ 5 siq ^ s W^ q Ã(m s i^5mm Z ^Ge´^8zD^ q  siq _·gv~}5^$e$Ãrµ^8g ¼½¼¹s µ^G|
q ^$efzD^$}Çm  W^ ¼ n·moµ s gi~|4 s h q gW}5}5^$ete´^Ge[z^ q }nk} ¼ ^m s m Z ^  ~eom q h}m ¹s ~8gv~|S|gmtg}$gi} Z ^Ge5¾ Y[Z ^9gW|{|k^G|
Z g q |kµ-g q ^} s _
z ¼ ^5j  monLefh{z{z s ef^$egi~S^$i^$~4_ siq ^Ä^jmf^$~|k^G|4}5n} ¼ ^Äm  _^ ½`$ä¾
¿  m Z ~²m Z ^8zg q gv_^mt^ q
q gi~{i^Lm Z gvmµ-^S^jkz ¼¹siq ^$|ÎÃrµ Z gmf^$i^ q »D^Sm Z ^8}$gi} Z ^e ¹¸ ^WÃ¶efh{z{z siq m  ~{ 
m Z{q ^$gi|e,| s ^$e	~ s m	» qf ~{lg q ^$g ¼ e´zD^5^G| º hz;} s _zg q ^G|4m s ·m Z{q ^$gi|e5Ãgi~|  e,~ s m	µ sWq m Z m Z ^gW|{|k^G|
Z g q |kµ-g q ^} s _
z ¼ ^5j  moni¾
 6      (1      ,
Y[Z ^SgWefe s }  gm    mon |k^$ q ^5^ s Æ¶`S}$gi} Z ^ Z gie
»D^5^$~²^5jAmt^5~e  i^ ¼ nÉe´mfh|  ^$| siq e  ~ ¼ ^m Zq ^Ggi|k^G| _  º
} qfs z qts }5^$ete sWq e$¾  ~} q ^$gWe  ~{ m Z ^ÀgWefe s }  gm    monÅg ¼¹¼¹s µ,em s²q ^G|kh}^m Z ^À_  ete q gm ½s Ã»{hkm^jmf^$~|{e
m Z ^lgi}$}^Gefem  _^&  ß¾4Â  ih q ^l4 ¹¼½¼ he´m q gmt^$em Z ^lgi^ q gvW^  p w3 sWq  
 Æ¶`·}5gi} Z ^$e siq g qf¹s he
gWefe s }  gm    m  ^$e[gv~|4» ¼¹s }&ÍLe ¹¸ ^Ge5¾
0
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1 thread 2 threads 4 threads 6 threads


	

64k-l16-a1
64k-l16-a2
64k-l16-a4
64k-l32-a1
64k-l32-a2
64k-l32-a4
64k-l64-a1
64k-l64-a2
64k-l64-a4
Â  Wh q ^ 4 !gi^ q gii^  p wÅµ  m Z g q n  ~
gWefe s }  gm    monlgi~|S» ¼¹s }&Í4e ¹¸ ^ s    
 Ær`}5gW} Z ^
¿È^~ s m  }5^m Z gmGÃ]gieÁ siqs ~{^m Zq ^Ggi|ÎÃ]g Z{  Z ^ q gWefe s }  gm    mon8|k^$ q ^5^
g ¼¹¼½s µ,eg Z{  Z ^ q z^ q  sWq´º
_·gi~}^
µ Z ^5~Ìef^5i^ q g ¼ m Z{q ^$gi|eg q ^
hef^$|Î¾ #,s µ-^5W^ q Ãm Z ^z Z ^$~ s _^5~ s ~  e^5_z Z gie ½¸ ^$|Àµ Z ^5~Àm Z ^
~h{_»^ q,s m Zq ^Ggi|{e  ~} q ^Ggief^$e$¾ Y[Z ^_·g  ~ q ^Ggie s ~l sWq m Z e  e[m Z gmm Z ^9_^5_ sWq n q ^5«^ q ^5~}5^$e[i^$~{^ º
q gmt^$|»n9m Z ^,e  _h ¼ mtgi~{^ s he(^jk^G}hkm ½s ~ s   ~|k^$z^$~|k^$~Wmm Z{q ^$gi|e^j Z{ »  m ¼ ^Gefeefzgm  g ¼{¼¹s }$g ¼¹ mon9m Z gi~
m Z gm s /ge  ~{ ¼ ^	m Z{q ^$gi|]¾rw s ~ 6  }Çm_  etef^$e Z gi^	m Z ^$~Sg Z{  Z ^ q z qfs »gv» ½¼¹ monm sZ gvz{zD^5~4m Z gi~l sWq g
e  ~{ ¼ ^m Zq ^Ggi|Î¾  ~} q ^$gie  ~{m Z ^
giete s }  gvm    mon4g ¼½¼¹s µ,e[m sL¼¹ _  mÄ} s ~ 6  }ÇmÁ_  ete´^Ge  ä¾	x	e ½¼¹¼ heom q gvmf^G|
 ~8Â  Wh q ^9{`iÃAm Z{ e,giz{z^Gg q e-Ng q _ siq ^} qt m  }$g ¼ µ Z ^$~Lm Z ^9Ær`}$gi} Z ^e ½¸ ^  e,ef_·g ¼¹¼ ¾
 6    (1   !
Â  ih q ^$e, 4gv~|8k`g ¼ e s e Z{s µ+m Z gvmm Z ^} Z{si }^ s m Z ^» ¼½s }&ÍSe ¹¸ ^  e^5W^5~_ siq ^Ä} qf m  }5g ¼ m Z gi~m Z ^
} Zsi }^ s ÎgWefe s }  gm    mon
|k^$ q ^5^W¾/Â sWq ge  ~{ ¼ ^m Z{q ^Ggi|ÎÃAhe  ~g   º »AnAmt^» ¼½s }&Í º e ¹¸ ^ ¯  s h q m  _^$e¶m Z ^
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1 thread 2 threads 4 threads 6 threads
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16k-l16-a1
16k-l16-a2
16k-l16-a4
16k-l32-a1
16k-l32-a2
16k-l32-a4
16k-l64-a1
16k-l64-a2
16k-l64-a4
Â  Wh q ^{`"!gi^ q gii^  p wÅµ  m Z g q n  ~
gWefe s }  gm    monlgi~|S» ¼¹s }&Í4e ¹¸ ^ s [`  
 Ær`}5gW} Z ^
»he-µ  |m Z ³ q ^Ge´h ¼ mte  ~ qts h{ Z{¼ nm Z ^efgi_
^Áz^ q  sWq _·gi~}^gie-gW º »nAmf^Á» ¼¹s }&Íke ½¸ ^	gv~| s ~ ¼ n·e ¼½  Z m ¼ n
Z  Z ^ q z^ q  sWq _·gi~}^	m Z gi~lm Z ^
` º »nWmt^ s ~{^i¾(¿ Z ^$~lm Z ^~h{_»^ q[s ]m Z{q ^Ggi|{e  ~} q ^$gWe´^Ge5ÃWm Z{ e  e-~ s
¼¹s ~i^ q m q h^i¾Â sWq moµ s m Z{q ^$gi|e5ÃWhe  ~{g   º »nWmt^» ¼¹s }&Í
g ¼¹q ^Ggi|kn ¼ ^Ggi|{em s µ siq e´^[zD^ q  siq _·gv~}5^[m Z gi~
he  ~{l` º »AnAmt^ siq W º »nAmf^,» ¼¹s }&Íke5¾ Y[Z{ e} s _^$e¶_ s eom ¼ n
 qts _m Z ^Á} s ~Amf^5~Am ½s ~ s ~·m Z ^ÁÆ9}5gW} Z ^iÃgie
¹¼¹¼ he´m q gmt^$|  ~8Â  ih q ^`${¾
Y[Z ^» ¼¹s }&Íe ¹¸ ^- e  _zgW}Çm s ~
Æ/,}$gi} Z ^  e(| 54 ^ q ^5~AmÏm Z gv~z q ^$ ½s he ¼ n s »ef^ q i^G| siq m Z ^gWefe s }  gm    mon
sWq  siq m Z ^}$gi} Z ^e ½¸ ^i¾-¿ Z ^5~m Z ^gWefe s }  gm    mon4|k^5 q ^$^ sWq m Z ^}5gW} Z ^9e ¹¸ ^9g q ^  ~} q ^Ggief^$|ÎÃm Z ^Ær`
}$gi} Z ^Ge(_  ete q gm ¹s |k^G} q ^$gief^$e$¾ Y[Z e q ^$efh ¼ mte  ~ ¼ ^$etergi}$}^$etef^$em s m Z ^	ÆÄ}5gi} Z ^i¾/Æ  ÍW^5µ  e´^WÃiµ Z ^$~m Z ^
» ¼½s }&Í4e ¹¸ ^  ~} q ^$gWe´^Ge5Ã  m q ^Ge´h ¼ mte  ~g·ef_·g ¼¹¼ |k^G} q ^$gWe´^ s m Z ^9_  efe q gvm ¹s gv~|8e sl¼ ^$etem q gv~efgW}Çm ¹s ~e
s ~m Z ^lÆ/S}$gi} Z ^W¾ #,s µ-^5i^ q ÃÎ^Ggi} Z m q gv~etgi}m ¹s ~ÈÍi^5^$zeÄ»{hefn8m Z ^lÆ/S}5gW} Z ^
 siq g ¼¹s ~{W^ q zD^ qt½s |ÎÃ
m Z hez s mf^$~Am  g ¼¹¼ nÌ|k^ ¼ gn  ~ s m Z ^ q _  eteef^ q   }  ~¾ Y[Z ^  ~|{h}^G|Ì^jm q gz^$~g ¼ monµ  |k^ ¼ nÈ^j{}^$^$|{e
m Z ^»D^5~{^,{m s g ¼½s µ-^ q _  efe q gm ½s ¾  ~|k^5^G|ÎÃkm Z ^Äm  _
^gm q gi~etgi}Çm ½s ~LÍW^5^5ze-m Z ^9Æ}5gi} Z ^Á»{he´n  e
| s h{» ¼ ^  m Z ^» ¼½s }&ÍLe ¹¸ ^  e| s h{» ¼ ^G|Î¾
Â  ih q ^li ½¼¹¼ heom q gvmf^Gem Z{ eÄz qts » ¼ ^5_0 sWq Ær`·}5gW} Z ^» ¼¹s }&Íke ½¸ ^$e s `  »nAmf^$e  ~ ¯ x ³ gv~|ÈWL»nWmt^$e
 ~ ¯  ³ ¾ Y[Z ^Æ¶`9}5gi} Z ^ Z gie-moµ s gi}$}^$ete[z siq mte$¾ Y[Z ^9»heµ  |m Z »D^moµ-^5^$~8Æ/gv~|SÆ¶`9}5gW} Z ^$e  e9` 
»nAmf^Ge5Ãgv~|·m Z ^Á»{he  e-»{hefnmoµ s }5nk} ¼ ^$e¶ siq ^$gi} Z » ¼½s }&Í
m q gv~e´«^ q ^$|]¾ Y[Z ^ q ^$gie s ~  ~{µ s h ¼ |l»^Ám Z ^
etgv_^ siq _ sWq ^} s _z ¼ ^5j4}5gW} Z ^$e$Ã siq µ  m Z m Z ^  ~e´m q h}m ¹s ~8}5gW} Z ^i¾
¿È^} s ~e  |k^ q ef^5W^ q g ¼A¼½s gi|{e/ qts _ÊÄ| 54 ^ q ^5~Am(m Z{q ^$gW|{e ¯ x9ÃÁÃvgi~|
w ³ ¾  µ-^giete´h_
^m Z gm(m Z ^ ¼¹s gW|
Ld C1Ld C1 Ld C1 Ld C1
(A) 16-byte blocks
(B) 32-byte blocks
Ld B1
Ld B1 Ld A2 Ld A2 Ld A2 Ld A2
Use C1
Ld B1Ld B1Ld B1Ld A1Ld A1
Use A1
Use B2
Ld B2
Ld A1
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2019181716151413
Use C1
Ld C1Ld C1
11 12109876
Ld A2 Ld A2Ld B1
Use B2
Use A1Ld B2
Ld A1
Ld A1 Ld B1
Ld A2
Ld C1
Ld A1
Ld A1
Ld C1
Ld A2
Ld B1Ld A1L1
L2
CYCLE
L1
L2
CYCLE
1 2 3 4 5
1 2 3 4 5
Use B1
Use A2Use B1
Use A2
Â  Wh q ^W%! ' j{gi_
z ¼ ^ s (}5gW} Z ^$e-m q gi~efgW}Çm ½s ~e siq ` vº »nAmf^Ägv~|SA º »nWmt^Á» ¼½s }&Íke ¹¸ ^Ge
/0/'ö21435)576
 4 9*§ &¤©Ç¢ßN§¦¡ 	Á¦D­v¬(*§ÄÎ§	5¦D§ 
    em Z ^ s ~ ¼ n ¼½s gi|·m sZ m  ~Wm s m Z ^ÄÆr`Ä}5gi} Z ^iÃ  ~Lm Z ^}$gief^ ¯ x ³¯ » ¼¹s }&Íe s ¶`  »AnAmt^$e ³ Ã{|{gvmtg   e
gg ½¼ gv» ¼ ^ siq he´^  ~8}nk} ¼ ^Ã     ~;}nk} ¼ ^9{Ã *  ~8}nk} ¼ ^·`i`gv~|     ~8}nk} ¼ ^·`G{¾r¿  m Z A º »AnAmt^
» ¼½s }&Íke ¯  ³ Ã]|{gvmtg     egg ¹¼ gi» ¼ ^  ~È}5n} ¼ ^`W`iÃ *  ~²`Lgi~|    s ~ ¼ n  ~Ì}nk} ¼ ^S`${¾ 5 siq ^ s W^ q Ã
 	g   ¬Ç¢¥§ &¤ s }5}h qfq ^$|ÎÃ  mµ s h ¼ |Ìi^$~{^ q gmt^lg8»{h q eom s [m q g
$l}·µ Z } Z µ s h ¼ | q ^$efh ¼ m  ~gW|{|k^G|
s }$}h{zgi~}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»gi|l»^ Z g ½sWq µ Z ^5~Lm Z ^
~h{_»^ q9s [m Z{q ^Ggi|{e  ~} q ^Ggief^$e$¾ Y[Z he9 siq ^5jkgi_z ¼ ^Lµ Z ^5~ he  ~{;g;| ¹q ^G}Çm º _·gvzz^G| W
Ê}5gi} Z ^
gi~|lg   º »nAmf^	» ¼½s }&Í·e ¹¸ ^WÃz^ q  sWq _·gv~}^  e[e  i~  ,}$gv~Am ¼ n ¼¹s µ-^ q  sWq  m Zq ^Ggi|{e¶m Z gi~· siq m Z{q ^$gW|{e5¾
#	s µ^$i^ q Ã  ÁÍW^5^5z  ~{Èe´_·g ¼½¼ }$gi} Z ^4» ¼½s }&Íke| s ^$e
~ s m  ~|kh}^8e´^ qf¹s he Z g q |{µ-g q ^L|  $l}h ¼ m  ^Ge5Ãm Z ^
e ¹¸ ^lgv~|Èm Z ^LgWefe s }  gm    mon s Ær`l}$gi} Z ^Ge9g q ^_ sWq ^lef^5~e  m  i^·zg q gi_^mf^ q e$¾ Y[Z ^ ¹q } s _»  ~gm ½s ~
W^5~{^ q g ¼½¼ n ,j^GeÁgl_  } qts z qfs }^Gefe siq - e}nk} ¼ ^9m  _^i¾ Y[Z ^ ¼ g q i^ q m Z ^}5gW} Z ^iÃm Z ^ ¼¹s ~{W^ q	 e	m Z ^
}5gi} Z ^
gW}5}5^$ete-m  _
^W¾ Áe  ~{lgiete s }  gvm    mon·_·gn ¼ ^$gW|lm s m Z ^he´^ s  ¼¹s ~i^ q }5nk} ¼ ^ siq ^jm q g ¼¹s gi|Shef^9|k^ ¼ gn
¯ }nk} ¼ ^$e sWqr ~eom&gv~}5^ s ~
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m s  m Zq ^Ggi|{e}$gv~ s 4 ^ q ¾
Y[Z he$Ãv sWq W^5~{^ q g ¼ z{h q z s e´^,_  } qts z qts }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